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Summary: Left circumﬂex artery (LCX) related acute myocardial infarction (AMI) has been known
to be under diagnosed with 12-lead electrocardiogram (ECG). However, there were only a few
studies that have focused on the clinical characteristics of LCX-related AMI. We studied the
clinical characteristics and hospital mortality in patients with angiographically conﬁrmed LCX-
related AMI. A total of 2281 AMI patients with single acutely occluded culprit vessel in coronary
angiography (pre-Thrombolysis In Myocardial Infarction ﬂow: 0) were enrolled in the Korea Acute
Myocardial Infarction Registry (KAMIR) from November 2005 to January 2008. These patients were
divided into three groups according to culprit vessel [left anterior descending artery (LAD), right
coronary artery (RCA), and LCX]. This study showed the patients with LCX-related AMI were less
likely to present with ST elevation in ECG (46.3%, 87.0%, and 82.3%; p < 0.001) and primary per-
cutaneous coronary intervention (PCI) (43.4%, 78.9%, and 74.5%; p < 0.001) and door to balloon
time <90min (31.3%, 52.8%, and 51.0%; p < 0.001), compared with LAD and RCA. However, no sta-
tistical difference was found in hospital mortality among the three groups. Multivariate analysis
showed primary PCI decreased the hospital mortality in patients with occluded coronary artery.
In conclusion, AMI patients with an occluded LCX presented with less ST elevation and primary
PCI. These results suggest that clinical physicians should be careful with patients presenting with
chest pain but apparently normal ECG and must rule out LCX occlusion.
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absence of anterograde ﬂow of contrast media or TIMI ﬂow
grade 0 in the infarct-related coronary artery. The infarct© 2011 Japanese College of C
Introduction
Prompt restoration of blood ﬂow in the infarct-related artery
is essential to myocardial salvage and mortality reduction
[1]. As the beneﬁts of reperfusion decline rapidly with time,
prompt and accurate diagnosis of acute myocardial infarc-
tion (AMI) is very important in determining the initiation of
reperfusion therapy. Twelve-lead electrocardiogram (ECG)
has been an initial diagnostic tool in patients with suspected
acute myocardial infarction in the emergency department
(ED) and ideally should be performed and interpreted within
10min of arrival to the ED [2]. However, this conventional
ECG has a very low sensitivity for the detection of AMI, espe-
cially if the culprit lesion is in the left circumﬂex artery (LCX)
[3—7]. Thus, LCX-related AMI is less well represented in large
randomized trials on ST segment elevation AMI and the prog-
nosis of LCX-related AMI is less clear. There were only a
few studies that have focused on the clinical characteristics
of LCX-related AMI. We studied the clinical characteristics
and hospital mortality in patients with angiographically con-
ﬁrmed LCX-related AMI, compared with AMI related to the
left anterior descending artery (LAD) and right coronary
artery (RCA).
Methods
The study population, enrolled in the nationwide prospec-
tive Korea Acute Myocardial Infarction Registry (KAMIR)
between November 2005 and August 2007, consisted of 2281
patients with AMI (1683males, 59.7± 13.3 years) who under-
went coronary angiography (CAG).
The KAMIR, launched in November 2005, was a Korean
prospective multicenter data collection registry reﬂect-
ing real-world treatment practices and outcomes in Asian
patients diagnosed with acute myocardial infarction. The
registry consists of 50 hospitals with facilities for primary
percutaneous coronary (PCI) and on-site cardiac surgery.
Data were collected by a trained study coordinator using
a standardized case report form and protocol. The ethics
committee at each participating institution approved.
r
i
o
w
dology. Published by Elsevier Ltd. All rights reserved.
Eligible patients were at least 18 years of age at the
ime of hospital presentation, had to be admitted for an AMI
nd electrocardiographic changes, serial increases in serum
iochemical markers of myocardial necrosis, and documen-
ation of single, de novo lesion in native coronary artery
nd total occlusion [pre-Thrombolysis In Myocardial Infarc-
ion (TIMI) ﬂow 0] on angiography. Because patients with
ngiographically conﬁrmed AMI were included, this study
recluded thrombolytic patients. Also, the patients who
ad previous myocardial infarction history, multivessel, left
ain disease in CAG were excluded in order to minimize
he impacts of other vessels. The patients were divided into
hree groups according to the infarct-related artery: LAD,
CA, and LCX. The clinical characteristics and outcomes
ere compared among the three groups (Fig. 1).
AMI was deﬁned as elevated cardiac biomarkers with
schemic symptoms or ischemic change on ECG or imaging
vidence of new loss of viable myocardium or new regional
all motion abnormality [8]. The presence of ST elevation by
tandard 12-lead surface ECG was determined at the time
f visiting the emergency department. Typical evolutional
CG changes of AMI were deﬁned as ST-segment elevation at
he J point in two contiguous leads with the cut-off points:
0.2mV in leads V2—V3, and/or 0.1mV in other leads. The
receding TP segment was used as an isoelectric line. Rise
nd/or fall of cardiac biomarkers was detected with at least
ne value above the 99th percentile of the upper refer-
nce limit. Cut-off value of cardiac troponin was deﬁned
s the smallest concentration with a value of coefﬁcient of
ariation (CV) below 10%.
CAG was performed by experienced interventional cardi-
logists. Judgment of vessel ﬂow was according to TIMI ﬂow
rade. Complete coronary occlusion was deﬁned as the totalelated lesion was identiﬁed based on morphology, includ-
ng complete occlusion, thrombus and ulcerative stenosis,
r assumed to be the tightest stenosis if these features
ere absent. The number of diseased coronary arteries was
eﬁned by the number of major arteries with 70% stenosis.
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Figure 1 Flow chart of study population. Korea Acute Myocardial Infarction Registry (KAMIR) was a Korean prospective multicenter
data collection registry reﬂecting real-world treatment practices and outcomes in Asian patients diagnosed with acute myocardial
infarction (AMI), consisting of 15,039 patients with AMI. This study enrolled 2281 (15.1%) AMI patients whose documentation of
single, de novo lesion in native coronary artery and total occlusion [pre-Thrombolysis In Myocardial Infarction (TIMI) ﬂow 0] on
angiography and excluded the patients who had previous myocardial infarction history, TIMI ﬂow 1—3, multivessel disease, left main
d pat
r , rig
(
i
p
c
aisease on coronary angiography (CAG) or thrombolysis. These
elated artery: left anterior descending coronary artery (LAD)
LCX).Continuous variables are presented as the mean± SD
f distributed symmetrically or with mild skew and com-
ared using one way analysis of variance (ANOVA). Other
ontinuous variables that were skewed were summarized
s the median (interquartile range) and compared using
t
F
o
c
w
Table 1 Baseline clinical characteristics.
LAD (n = 1162)
Age 59.1± 13.7
Sex (male) 851(73.7%)
Diabetes mellitus 227(20.0%)
Hypertension 432(37.9%)
Hyperlipidemia 103(10.6%)
Smoking 684(60.0%)
Prior cerebrovascular history 56(4.8%)
Typical angina 1021(89.0%)
Killip class III-IV on presentation 105(9.3%)
ST elevation myocardial infarction 1011(87.0%)
ST elevation in ECG
V1—V4 ST elevation 917(78.9%)
II III aVF ST elevation 67(5.8%)
I aVL, V5 V6 ST elevation 123(10.5%)
Door to balloon time (minute)a 72(45, 206)
Door to balloon time1 <90min 614(52.8%)
Primary PCI 917(78.9%)
Troponin I (peak) 67.52±90.99
hsCRP 15.14±69.01
Creatinine 1.11±1.52
Log-proBNP 2.58±0.82
Ejection fraction (%) 47.86±11.30
Ejection fraction (<40%) 274(26.2%)
LAD, left anterior descending artery; RCA, right coronary artery; LC
sensitivity C-reactive protein; proBNP, precursor of brain natriuretic pe
a Median (quartile 1, quartile 3).ients were divided into three groups according to the infarct
ht coronary artery (RCA), and left circumﬂex coronary arteryhe Kruskal—Wallis rank sum test. The chi-square test or
isher’s exact test was used to determine the signiﬁcance
f differences in the categorical variables. Comparisons of
ontinuous data among the groups were conducted by ANOVA
ith post hoc analysis. The Breslow—Day test was performed
RCA (n = 799) LCX (n = 320) p-Value
60.8± 13.0 59.2± 12.7 0.051
603(76.3%) 229(72.5%) 0.298
157(20.6%) 64(20.6%) 0.969
311(39.9%) 124(39.7%) 0.652
81(11.5%) 42(15.3%) 0.055
527(67.4%) 195(62.5%) 0.004
30(3.8%) 12(3.8%) 0.455
673(85.4%) 272(86.6%) 0.057
81(10.7%) 22(7.1%) 0.196
658(82.3%) 148(46.3%) <0.001
48(6.0%) 16(5.0%) <0.001
606(75.8%) 86(26.8%) <0.001
31(3.9%) 59(18.4%) <0.001
72(45, 296) 143(65, 496) 0.018
408(51.0%) 100(31.3%) <0.001
595(74.5%) 139(43.4%) <0.001
61.09±109.3 53.24±61.22 0.092
14.08±65.84 14.21±57.72 0.949
1.15±0.95 1.01±0.45 0.210
2.44±0.79 2.49±0.73 0.033
54.28±10.49 54.20±10.10 <0.001
64(9%) 26(9%) <0.001
X, left circumﬂex artery; ECG, electrocardiogram; hsCRP, high
ptide; PCI, percutaneous coronary intervention.
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Figure 2 Relative frequency of ST elevation according to cul-
prit vessel. The patients with occluded left circumﬂex coronary
artery (LCX) were less likely to present with ST elevation in
electrocardiography compared with left anterior descending
coronary artery (LAD) and right coronary artery (RCA).
Figure 3 Door to balloon time (interquartile range and
median) according to culprit vessel. Door to balloon time wasClinical outcomes of acute myocardial infarction with occlu
to assess the homogeneity of the relative risk for hospital
mortality across participating centers. Multivariate analy-
sis was performed with logistic regression to determine the
independent factors of the patients with total occluded
coronary artery. Variables selected for testing in the mul-
tivariate analysis were those with a p-value <0.2 in the
univariate model. Multivariable analysis used a stepwise uni-
variable analysis to determine the ﬁnal variables. A p-value
<0.05 was considered statistically signiﬁcant. Analyses were
performed using the Statistical Package for Social Sciences,
version 15.0 (SPSS-PC, Chicago, IL, USA).
Results
Mean age was 59.7± 13.3 years and 73.7% were men.
Table 1 shows demographics and baseline characteristics
of the three groups classiﬁed based on the infarct-related
artery. There were no signiﬁcant differences in gender, car-
diovascular risk factors (diabetes mellitus, hypertension,
dyslipidemia, cerebrovascular accident), presentation of
symptoms (chest pain and Killip class III-IV) and impaired
renal function. However, this study showed that the patients
with LCX-related AMI were less likely to present with ST ele-
vation in ECG (46.3%, 87.0%, and 82.3%; p < 0.001) (Fig. 2):
leads V1 and V4 in 16 patients (5.0%), leads II III aVF in
86 patients (26.8%), and leads I aVL, V5 V6 in patients
with 59 patients (18.4%). Primary PCI was performed les in
LCX-related AMI (43.4%, 78.9%, and 74.5%; p < 0.001). The
patients with LCX-related AMI had prolonged door to balloon
time [143 (65.496), 72 (45.206), 72 (45.296)min; p = 0.018]
(Fig. 3) and relative smaller proportion of door to balloon
time <90min than LAD and RCA (31.3%, 52.8%, and 51.0%;
p < 0.001).
Clinical outcomes are listed in Table 2. The test results for
assessing the homogeneity of the relative risk across the cen-
ters were not signiﬁcant for hospital mortality (Breslow-day
test, p = 0.215). There was no signiﬁcant statistical differ-
ence among the three groups in hospital. After multivariable
analysis, older age, ST elevation in ECG, ejection frac-
tion <40%, creatinine >1.5mg/dL, and ventilator therapy
increased the hospital mortality, but primary PCI decreased
the hospital mortality of AMI patients with occluded coro-
nary artery (Table 3).
signiﬁcantly prolonged in patients with occluded left circumﬂex
coronary artery (LCX), compared with left anterior descending
coronary artery (LAD) and right coronary artery (RCA).
Table 2 Hospital outcome in patients with occluded infarct artery.
LAD (n = 1162) RCA (n = 799) LCX (n = 320) p-Value
Hospital complication
Heart failure 2(0.2%) 1(0.1%) 1(0.3%) 0.795
Acute renal failure 2(0.2%) 5(0.6%) 2(0.6%) 0.226
Cardiogenic shock 51(4.5%) 42(5.4%) 13(4.1%) 0.581
Cerebrovascular accident 5(0.4%) 6(0.8%) 3(1.0%) 0.488
Bleeding complication 9(0.8%) 3(0.4%) 1(0.3%) 0.413
VT/Vf 62(5.4%) 51(6.5%) 15(4.8) 0.455
Ventilator therapy 53(4.7%) 28(3.6%) 14(4.5%) 0.512
Hospital mortality 47(4.1%) 19(2.4%) 8(2.5%) 0.089
LAD, left anterior descending artery; RCA, right coronary artery; LCX, left circumﬂex artery; VT/Vf, ventricular tachycardia/ventricular
ﬁbrillation.
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Table 3 Multivariate analysis for the predictors of hospital mortality in patients with occluded infarct artery.
Variable Univariate Multivariate
B coefﬁciency p-Value OR (95% CI) B coefﬁciency p-Value OR (95% CI)
Age 1.090 <0.005 1.066—1.114 1.109 0.001 1.051—1.171
Gender (female) 3.650 <0.005 2.287—5.826
BMI 0.889 0.009 0.814—0.972
Killip class III—IV 14.208 0.001 8.725—23.135
Hypertension 2.344 0.001 1.458—3.766
Smoking 0.419 0.001 0.279—0.629
Heart failure 3.724 0.083 0.840—16.501
ST elevation in ECG 2.048 0.058 0.976—4.299 7.727 0.045 1.146—57.062
Primary PCI 0.341 0.015 0.143—0.815 0.139 0.031 0.023—0.836
LAD 1.720 0.028 1.061—2.787
LCX 0.729 0.405 0.347—1.534
Acute renal failure 38.822 0.001 10.202—147.741
Cardiogenic shock 30.574 0.001 18.254—51.207
CVA 23.592 0.001 7.966—69.867
VT/Vf 10.125 0.001 6.015—17.044
IABP use 25.520 0.001 14.534—44.810
Ventilator therapy 75.033 0.001 43.157—130.453 75.934 0.001 16.695—345.380
EF < 40% 7.200 0.001 3.846—13.481 8.738 0.002 2.256—33.841
Creatinine > 1.5mg/dL 12.97 0.001 7.372—35.28 32.187 0.001 8.623—120.148
BMI, body mass index; CI, conﬁdence interval; CVA, cerebrovascular accident; ECG, electrocardiogram; EF, ejection fraction; IABP, intra-
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paortic balloon pump; LAD, left anterior descending artery; LCX, le
ventricular tachycardia/ventricular ﬁbrillation.
iscussion
onsistent with a previous study by Huey at al. [9], this study
hows that 47.3% of the patients with LCX-related AMI had
lectrocardiographic ST elevation, although overall 80.6%
atients presented with ST elevation. The patients in whom
CX was the infarct-related artery, have relatively low sen-
itivity of electrocardiographic diagnosis in standard 12-lead
CG, regardless of presenting symptoms (chest pain, Killip
lass). These suggest that the 12-lead ECG alone is often
ot enough for the diagnosis of patients with suspected LCX-
elated AMI.
The lack of ECG presentation in patients with LCX-related
MI is multi-factorial. One possible reason is that absence of
T segment changes was explained by smaller infarct size. A
revious study showed total mass of myocardium lost in LCX-
elated AMI is smaller than in other anatomic distributions
notably anterior MI) [10]. Infarct size could be assessed
y the amount of serum cardiac marker (creatine kinase-
B, troponin) and ejection fraction [11,12]. Less increased
ardiac enzyme and relatively preserved ejection fraction
as shown in patients with LCX in our registry, which means
hat LCX-related AMI had small infarct size compared with
AD and RCA. Second, LCX usually supplies the lateral and
osterior walls of the left ventricle, which are areas not
ell detected by the standard 12-lead ECG [13,14]. Sev-
ral studies demonstrated that ST elevation in the posterior
hest leads (V7—V9) was present in 3—20% of AMI patients
ithout ST elevation on the standard 12-lead ECG [15—20].
iscouragingly, posterior chest leads were not used in our
egistry, so there was no way to determine. Third, there
i
t
r
icumﬂex artery; PCI, percutaneous coronary intervention; VT/Vf,
ere some trials suggesting that patients without ST seg-
ent deviation were likely because of incomplete coronary
cclusion due to thrombus or vasospasm [21,22], but this
tudy conﬁrmed complete LCX occlusion during coronary
ngiography.
Because of lack of ECG presentation, these patients with
CX occlusion might be underdiagnosed by the physician in
he emergency department. ST elevation was not seen on
he 12-lead ECG in up to 60% patients in LCX-related AMI
nd this could possibly lead to an unwarranted delay of ther-
peutic decisions. Because therapeutic delay may induce
ospital death, the latest American College of Cardiology
nd American Heart Association guideline recommended
hat in AMI patients the time from hospital arrival to pri-
ary PCI is 90min or less [23]. However, the door to balloon
ime was increased in the patients with LCX-related AMI
ompared with LAD and RCA in our registry. It seems that
he patients with an occluded LCX presented with less ST
levation, and their primary PCI was delayed or performed
ess.
There was no signiﬁcant statistical difference among the
hree groups in hospital mortality. There was a trend toward
ncreased mortality among those with an LAD-related AMI,
ut this did not reach statistical signiﬁcance. Primary PCI
ecreased the hospital mortality in patients with occluded
oronary artery in multivariable analysis. Therefore, less
erformed primary PCI in LCX-related AMI may induce to
ncrease hospital mortality, despite a relatively small infarc-
ion.
The present study had several limitations. First, the non-
andomized nature of the registry data could have resulted
n a selection bias. Second, our study lacked systemic
ded
[
[
[
[
[
[
[
[
[
[Clinical outcomes of acute myocardial infarction with occlu
angiographic follow-up and quantitative coronary analysis
that might have affected the rate of revascularization. We
do not have data on coronary anatomy (coronary artery
dominance), collateral ﬂow, and ischemic burden. Finally,
because this study precluded previous history of MI, throm-
bolytic patients, TIMI ﬂow 1-3, multi-vessel disease, and left
main disease, this study might not represent all myocardial
infarction.
This study showed that a relatively small portion of
patients with LCX-related AMI presented with appreciable ST
elevation. These patients had fewer opportunities of inter-
ventional treatment and underwent PCI not so quickly as
those with LAD- or RCA-related AMI. This emphasizes the
fact that the 12-lead ECG alone is often not enough for the
diagnosis of patients with suspected LCX-related AMI. There-
fore, clinical physicians should be aware of this information,
and LCX-related AMI should not be excluded in patients pre-
senting with acute chest pain but apparently normal ECG.
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